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flown. The handling qualities of the EH-l H helicopter were determined to
be satMfactory with the exception of inadequate directional control In iliht
sideward flight. An enchancing characteristic noted was the simultaneous antenna
retraction systems. Inadequate directional control at right sideward velocities
between 5 and 15 knots true airspeed was a deficiency. Two shortcomings were
noted: the susceptibility to damage of the right FM 10-120 homing antenna during

I preflight/maintenance operations and the susceptibility to damage of the FM 10-242
communications antenna during running takeoff/landing maneuvers.

UNCLASSIFIED
S E C U R I T Y  CLA SSIFICATION OF THIS PAQI(WIi. n Data Ent.r.d)

- - - — ~~. .,,. ~~~~.
_~~_:: ~~

• .- —



F” - ~~~ -‘~.-~-—n..’~ .— ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~ 

—. .—i,-~
.’... 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—,--,. 

~~~~~~~~~~~~~~~

O 

DEPARTMENT OF THE ARMY
HO. US A RMY AVIA TION RE SEA RCH AND DEV ELOPM ENT COMMAND

P 0 BOX 209. ST. LOUIS, MO 4 3146

L’IRDAV—hQ JUN 19~~

SUBJECT : Preliminary Airworthiness Evaluation Eli— ill
heli copter Quick Ftx Phase 1A

Sl.F DISTRIBUTION

I. The Direc torat e  of Development and Engineering ’s position on t he
subjec t US Army Ày t ttton Engineering Flight Activity (AF’FA) report
Is provided herein :

a. Paragraph .~3 and 30. Investigation was performed relative to
the inadequate directiona l control in ri ght sideward f l i gh t  that was
encou ntered in these tests and is described in the refer enced para-
g raphs. Comparing the data  In Figure 9 of Appe ndix F w i t h  the b asic
Un — Ill and wi th  the JUH —i li  used for the test ing of the  ~f u l t i p le Target
Elect ronic Warfa re  System (MPLTEWS) configurat ion , w i t h  the MULTEWS
equi pment removed resul ted In the determination that  the  data conta ined
in FIgure 9 has an approximate one— inch sh i f t  in t r im  pedal position
towards ful l left pedal. Unless this resulted from improper ri gging
of the aircraft , there is no known explanation for the shift. The shift
Is apparen t In hi gh speed torward flight from the cont rol  p o s i t i o n s  in
trimmed level flight as well as in low speed flight. D u r i n g  the  conduct
o l the r igh t sldcward f l i ght case with the Quic k Fix IA aircraft , th e
p ilot ~ictuallv encountered the left pedal stop; 1io~ ever , the test
Ins trumentatIon did not allow for full analysis of th is contact. Normall
the data is presented for the mean control p osi t ion  du n  Ing sIdes~ard
fl ight with an indication ot the maximum excursion. It was not p~~~s i h l t
to perform this type of analysis for the sub ject tes t  because t h e  dn t . i
recorded was from cockpit readings, and the apparen t mean v a l u e  In
FI gure 9 is in all likelihood an excursion . ~‘utur t ’  t e s t i t :~., w i l l  be
p lanned to determin€~ the reasons for the shift in p e d a l  p o si t ion .

h .  Paragrap h ~~ and 3l.h. This location was picked as t h e  o p t i m u m
fo r the special  communicat ions antcnm~, an d t h is  m i s s ion  equipment  ‘~ I l l
not perform satisfactorily with other antenna locaL ions . It must.
further be considered that this aircraft should not be c~ a1uated ~t :  a

-.—. ~~~~~ a . ... .. ...‘. - , -— .. . ~~~~~~~~~~~~~~~~~~~~
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DRDAV—EQ
SUBJECT : Preliminary Airworthiness Evaluation Eli—ill

Helicopter Quick Fix Phase IA

u t il i t y helicopter hut ra ther  a specia l mission el ec t ron ics  a i r c r a f t ,
hence the desi gnatio n EH—1H . This means : tha t  the a i r c r a f t  would tend
to ope rate from fixed base areas remctc to the Forward l:dgt ’ of the
Rat t l e  Area . Refueling operations would be the onl y p rac t ica l  excep t ion .
The probabil i ty  of requ Ir ing  a run—on l and in g  due to  t a i l  r etor  t a i l u r e
or hyd r au li c f a i l u r e is considered ext r emely  tow . On the few occas lou .
in the l i fe  of this system in which th i s  migh t happen , r ep lacement  of th e
an tenna is re la t ively  easy ; therefore , t he current  locat ion  is considered
the opti mum froni an overall point of ~‘iew and does nut c r ea te  any
ser ious Air~~ rthiitess problems , therefore Is not considered a shortcenin~..

c .  Paragraph 27 and 3 1.a.  The location of th e  sub j e c t  an t cnna  is
essentially the same as the l oca t ion of the  I’M l’oniinF, antennas or O f t — S R
ser ies helicopters . The location lIus not c reated  serious f i e l d  prob lems
in t hat the LOll ’s are clearly marked NO UAN D lIOI~l) ; t herefore , a pr ope r ly
marked antenna should not cons t i tut e  a shortcoming .

d. Pa ragraph 36. The data search included conf igu ra t ion  which
incorporated the upturn IR scoop , and It  was determined that  the scoop
has no measurable e f fec t  on the directional control character is t ics .
Therefore , we do not agree with this recommendation .

2. Except as noted above , this Direc torate concurs wi t h  the subject
report .

FOR TUE COMMANDER :

~~~~ ~~~~~~~~
~AI,TER A. 1(ATCI.IFF
Colonel , (

~~
Director of Develepment
and Engineering
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INTRODUCTION

UACKc,ROUN1)

- The Unit ed States Army Aviation Systems (‘otninand (AVS(’O M ) awarded
a contract to the Naval Air Rework Faci lity (N A R E ) . Naval Air Station . Pensacola .
Florid a to fabric ate, install and test an airborn e radio counterm ea sures sy stem
inst all ed in a 1)11—Ill helicopter , redesignated th e H I—I I I .  in June 1 ~~~ AVSCOM
directed the US Army Aviation Engineering Fligh t Act ivi ty  ( I J SAAEF A to conduct
.i Preliminary Airworthiness Evaluation (PAF) of the El i-I  II Helicopter Quic k
h i ~ Phase I A (ref I . app .\) .\ letter test plan for the P.~ l - was published in Ju l~-
l~

)
~~’ (ref 2~~.

TEST OBJECTIVE

2. The objective of the PAF was to evaluate the handl ing qualit i e s 01 the E l i — I  II
helicopter Quick I:ix Phase I A.

DESCRIPTION

3. The EU— i U (ph oto A) is an electronic conf igura tion be’J i&’opler deriv ed f r om
the (ill- I LI helicopter by incorporating the AN IARQ—3 3 radio countermeasures
system and the AN - APR-3~

) radar signal detecting set. The 1: 11_ I ll  has ~i max imum
gross weigh t of ~S0O pounds. A detailed description of the U }l-I 1- I he licopter is
included in the operator ’s manual (ref 3, app A) . The test aircraft had a retra ctabl e
ante nna located und er the a It section of the t a i l  boom, a retr actabl e an t enn a  located
under the fu selage , a fixed antenna tin der the nose of the aircraft , a f ixed an tenna
mounted vertically .it t  of both the pilot and copilot doors , and four radar detect ing
set ant enn as , two mount ed on the nose and two on the tail boom .

~~ Bell Helicopter
rextr on (RI l i i  I R engine exhaust suppressor was also installed A more deta ile d
description of the EU— UI is contained in appendix H. The appro x imate weight• of t he Syste m ~5 I 000 potiilds.

TEST scopE
4 . ~~~ E l i — I l l  evalu at ion was conducted at Naval Air Station , Pensacola . Florida
( 5— foot field elevation). Nine flights totaling 8 5 product ive fli ght hours were
conducted between I S and 23 August I ~~ ~~ . I. SAAF F.~ installed, calibrated .mnd
maintained all ins t rumenta t ion  - NARF ~t as responsible for test air cr aft  maintenanc e
.i nil logisti cal supp ort ~lur ing the tests. Hi gh t restrictio ns and oper at ing l im ita t ions

* Since redesignat ed the Army Aviation Research and Development (‘omman d
( A \  RAI )( ’OM) .
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were established by the UII- l H operator’s manu al  and th e airworthiness release
(re f 4, app A) issued by AVRADCOM. Primary emphasis was directe d toward
aircra ft handling qualities. Aircra ft test conf i gurations included antennas  extended
and retracted. Fligh t test conditions are shown in table I - Handling qualities were
evaluated with respect to the applicable requirements of military specification
MIL-H-8501A (re f 5).

TEST METHOD OLOG Y

5. The en~~neering fligh t test techni ques described in reference 6. appendix A.
were used in conducting the handling qualities tests. Flight test data were
hand-recorded from calibrated test and standard cockpit instruments .  A listing of
test instrumentation is contained in appendix C. Pilot comments were used to aid
in the analysis of data and to determine the overall qualitative assessment of the
flying qualities of the EH-l H helicopter . A Handling Qualities Rating Scale (HORS)(fig. I, app D) was used to augment pilot comments relative to handling qualities.
Data reduction analysis techniques are described in appendix I).
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RESULTS AND DISCUSSION

GENERAL

6. The evaluation was conducted to determine the effects of the in:;tallation of
the AN/ARQ-33 radio countermeasures system and its associated equipment on
aircraft handling qualities. The handling qualities of the FH-l H helicopter were
determined to be satisfactory, with the exception of inadequate directional control
in right sideward flight. Inadequate directional control at right sideward velocities
between 5 and I S knots true airspeed (KTAS) is a deficiency. Two shortcomin~
were noted: The susceptibility to damage of the right FM 10- 120 homing antenna
during preflight/maintenance operations and the susceptability to damage of the

- - FM 10-242 communications antenna during running takeoff/ landing maneuvers .

HANDLING QUALiTIES

- 
‘- Control System Characteristics

7. Flight control system characteristics were evaluated on the ground with engine
and rotor stopped, using externally supplied electric and hydraulic power. Control
forces were measured with force trim ON. Cyclic and directional control system
free play was negligible and control centering was positive but not absolute. Control
dynamics in both systems were highly damped, with only one or two small
overshoots. These characteristics were verified in flight. The control system
characteristics of the EH-l H helicopter arc satisfactory and are comparable to
UI-I-I H helicopters.

Control Positions in Trimmed Forward Fj~~ t

8. Control positions in trimmed forward tlight were determined under the
conditions listed in table I, using the technique described in appendix D. The
data are presented in figure I, appendix F.

9. During forward flight, the variation of longitudinal control posi tion wit h
airspeed was essentially linear, with increased forward cyclic required for increased
airspeed. Latera l cyclic position was esscntial~y neutral w ith increasing airspeed,
moving 0.3 inch throughout the airspeed range tested. Directional control position
moved right with increasing airspeed to approximately 70 knots calibrated airspeed
(KCAS) and then moved left as airspeed was increased to never-exceed velocity
(VNF). Total directional control variation was 0.5 inch throughout the airspeed
range tested and was not discernible to the pilot. Antenna position had no
noticeable effect on control positions. Within the scope of this test , the control
positions of the Fl- I— I ii helicopter in trimmed forward flight are similar to the
111-1-1 helicopter and are satisfactory .

S



- --..-- ~~~~~~~~. —~~~ - ‘~~ 
-- 

~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ‘ r ~~~? .r 
- — - ‘

~
‘ -

Stat ic Longitudinal Stability

10. (‘olle&’t ive—t ix ed static longitudinal  st abi l i t  w~is evaluated at t he coiid iti oiis
listed in (able I . using the test t echnique described in appendix I) Test testi l t s
are presented in fi gures 2 and 3 . appendix F.

I I . At a trim airspeed ot ’ SO K(’AS (11g. 2 , app. F) the variation of longi tudinal
control position with t’orward airspeed indicated positive stabilit y , .ilt liough control
position gradient was shallow (0.7 inch ot’ forward cyclic from 32 to 68 KCAS).
This shallow gradient made precise airspeed control difficult but normal mission
tasks within this a irspeed range were easily accomplished.

I 2. At a trim airspeed of 77 K(’AS (fig. 3, app. F), the variation of longitudinal
control position with forward airspeed indicated positiv e s tab i l i t y  and control
position gradient was shallow (0.6 inch of forward c clic from ~S to Q(i KCAS).
Longitudinal control position graelient became more shallow at approxiinatel~86 KCAS. At both trim airspeeds, antenna position had minimal e ffect on static
longitudinal stability . W ithin the scope ot~ this test the static longitudinal stabi lity

• of the EU—Ill is similar to the t i l l—I helicopter and is sat isl~ictoi-v

Static Lateral—I)irectional Stability

13. Static lateral—directional stability char acteri stics were evaluated at the
conditions listed in table I. using t ile test techniques described in appendix I).
Test aircraft instrumentation did not allow sideslip to tie m eas u red therefore .
~
at”ral—tlirectional handling qualities were referred to side force (ball position) , rather

• ~ian sideslip. l’hc side—force characterist ies of the Ull— l II. evaluated t inder similar
conditions (re f 7, app. A). were positive (increasing ball displacement w ith
increasing sid~slip ’f. Test results art’ presented in figure s 4 and 5. appendix l -

14 . Static directional stability . .is indicated by the variation of directional control
position with ball position, was positive (left pedal req u ired to m a i n t a in  right ball
position) at the airspeeds and antenna positions tested . At a trim speed of So knots
indicated airspeed (KIAS), directional control position with ball position gradient
became shallow at higher ball positions 1/ 2 ball width and greater ) b~ t was not
discernible to the pilot. l)irectional stability was qualitative ly noted as being the
sam e as UI 1—Ill helicopters and was unchanged by antenna position. Ball—centere d
flight was easy to maintain during mission m aneu% er ing tasks. Wit hin  the scope
of this test , the directional stability of the Fl 1—111 is sat isl’actorv

15. Dihedral effect and side force characteristics were qualitatively noted as being
the same as till—I II helicopters and were unchanged by antenna position. Wit hin
t he scope of this test , the dihedral et ’fect and side—l orc~’ characteristics ot ’ t Im e 111-111
helicopter are satisfacto ry.
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Maneuvering Stability

lb . Maneuvering stability characteristics were evaluated at the conditions shown
in tab le I, using the techniques described in appendix l- . The variation of
longitudinal control position with normal load fact or was positive (aft control
movement wit h increasing load t’actor) and similar to UII-l ii helicopters . At bank
angles in excess of 45 degrees, precise airspeed control required considerable pilot
effort. Mission maneuvering tasks do not normally require precise airspeed control
at large bank angles and this characteristic should not adversely aff ’ect mission

- • accomplishment. Antenna position had minimal effect on maneuvering stability.
Within the scope of this test, the maneuvering stability characteristics of the El I—Il l
helicopter are satisfactory .

- 
- Dynamic Stability

I 7. The longitudinal and lateral-directional dynamic stability characteristics of the
FH-l Ii were evaluated at the conditions listed in table 1, ut ilizing the techniques
described in appendix D. Short-term response was essentially deadbeat. The
response to external gust input was also deadbeat. Antenna position had negligible

‘I et’fect on these responses.

18 . Long-term dynamic response was evaluated at 80 KIAS. Aircrat’t response was
oscillatory and well damped, with a period of approximately 35 seconds for
antennas both extended and retracted.

19 . Spiral stab ility was evaluated at 80 KIAS. At ’ter initiating a S—degree right
pedal—on ly turn and then returning pedal to trim, the aircra ft slowly returned to
level flight and then continued to slowly increase left hank angle. After initiating
a 5-degree left hank angle and returning the pedal to trim, the aircra ft slowly
cont inued increasing left hank angle. The divergent spiral stability to the left occurs
very slowly and should not prevent the pilot from conducting mission tasks.
Antenna position had negligible eft’ect on spiral stability. Within the scope of this
test , the dynamic stability characteristics of the Eli-I H helicopter are satist ’actor
and similar to previous (lU— I LI helicopters.

Low-Speed Flight Characteristics

20. The handling qualities of ’ the Eli— I LI helicopter during low—speed flight were
eva luated at the conditions shown in table I. using the techniques described in
appen dix D. W inds during this test series were less than S knots. Test results are
presented in figures 8 and 9, appendix F.

21 . The variation of control position with true airspeed in low-speed rearward
and forward Ilight (fig. 8, app. F) showed varying gradients in all axes. There
were no objectionab le control changes with the antenna in either posit ion in
low-speed rearward and forward flight. At no time was the directional control
margin less than 10 percent. Within the scope of this test , the handling qualities

7
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of the Fit— I II helicopter ~Iuring tow—sp ee d ttn-wa nt and rear~% anl flight arc
- -. sat is fact o ry -

— 22. The variation of lateral and longitudinal control position with true airspeed
in sideward flight ( fig. 9, app. F) also showed varying gradients in both axes . As
left sideward velocity was increased above 10 KTAS , :i large right directional
control position change was required. This change in ttirectuuial control position
was not iceable hut not objectionable to the pilot and is similar to VU-I l l  helicopters
(re f 8. app A).

23. As right sideward velocit y was increased above S KTAS , large pedal position
changes were required to maintain heading, w hich resulted in the directional control
limit being reached. Further increases in sideward velocit y to I 5 KI AS required
a rapid directional contro l position reveisal. In gusty conditions during right
sideward fligh t or whi le hovering in right crosswinds , directional control cou ld he
lost. Inadequate directional control at right sitkward velocities between S and
1 5 KTAS constitutes a deficiency . This characteristic was not noted on prt’vious
VU— I Ii test programs (ret ’ 8, app A) during which the ill IT I R suppressor was
not installed. Antenna position had a negligible effect on aircraft handling qualities

4 in sideward flight • Future testing of a ( 
~l I—I l l  or HI— I l l  with the Bit T I R suppressor

insta lled should he conducted to determine ii the suppressor caused ti me inadequate
directional control in right sideward tlight The low—speed flight characteristics of
t he EU— I H helic opter failed to meet the intent of paragraph 3 • 3 (~ of Ml 1—I t— 85() 1 A.
in that insufticient directional control would he available to generate auiv v.i~

- -~ displacement while hovering in a I 0—knot righ t crosswind.

Simulated Sudden Engine Failures

24 . The response of the test helicopter to simulated sudden engine fai luires ~ as
- 4 evaluated at the conditions shown in table I • During simulated sudden engine

failures at SO KIAS , the primary cue to loss of power was a left yaw acceleration .
accompanied by a change in ~aw attitude oi app r oxnna te lv 20 degrees. The aircraft
entered a mild left roll followed 1w a nose—dow um pitch. l’he maximum collective

- , delay time during the tests ~s .us approximatel~’ 3 seconds. The m aneu ver was mild
and th~ aircral~ was easily contro lled during the recovery (I IQRS 2). Rotor speed
decay stopped quickly on lowering tile col lective , and m ot or speed control during
recovery was exce llent.

25. During simulated sudden engine t~iiluires at 77 KC\S in level flight and
power climbs, t he primary cue to loss of power ~ as a k’f ’t ioll - (‘olkctive

delay time varied from 2 to 3 seconds. Aircraft control during the recovery
required little pilot compensation (IIQRS 2) Antenna posit ion had no effect on
aircraft response to a sudden engine fai lure . Within the scope of this test , the
response of t h e  I I i—I LI helicopter to a simulated sudden engine fai lure ~sat isfactory and Was the same as in LII I—I II helicopters .
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- .  MISCELLANEOUS TESTS

Antenna Locations

26. The EH- l H helicopter has seven additional external antennas , as compared
to a standard UH-l l l  helicopter. An FM 1 0-242 communications antenna is mounted
under the nose of the aircraft (fig. I). This antenna is used with a second FM
transceiver controlled by the mission equipment operators. The design/location of
this fixed antenna provides minimum ground clearance and effectively precludes
all ope rational running takeoff/landing maneuvers . A running landing required by
an actual hydraulics failure or tail rotor failure could damage or destroy this
antenna. Additionally, the use of unimproved tactical refueling sites could damage
or destroy this antenna. The susceptibility to damage during running takeoff/ landing
maneuvers of the FM 10-242 communications antenna is a shortcoming.

27. One FM 10-120 homing antenna is mounted vertically aft of the pilot and
copilot doors (fig. I). The antenna mounted aft of the pilot door inhibits normal
use of the two steps mounted in the bulkhead for climbing on top of the aircraft .
The antenna location is conducive to its being used as a handhold or step: either
use can easily damage the antenna. The susceptibility to damage during
preflight/maintenance operations of the right FM 10-120 homing antenna is a
shortcoming.

- 

, Antenna Cockpit Controls

28. The EH-l H helicopter has two retractable antennas mounted under the airc raft
which are controlled and monitored by the pilot/copilot. Two covered switches ,
mounted on the center console (photo B) are used to control antenna position.
Should an emergency exist , either the pilot or copilot can simultaneously retract
both antennas by depressing the lowest button on the cyclic grip (fig. 2). Should
the pilot forget to retract the antennas prior to landing, an automat ic retraction
will occur when the absolute altitude selected on the radar altimeter is passed.
A worded light-segment is installed on the instrument panel to remind the pilot
to turn on the radar altimeter. The simultaneous antenna retraction systems ot’
the EH-l H helicopter are an enhancing characteristic and should be included in
future designs.

9
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Hoist Switch
Force Trim Switch

Microphone Trigger -.--~~~~ /“\
Switch

Armament Fire
Control Switch

Antenna Retraction
Switch

Figure 2. Pilot Cyclic Grip.
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CONCLUSIONS

GENERAL

2Q. Within the scope of this evaluation , the following conclusions relating to the
4 FH-l H helicopter were made:

a. The handling qualities of the l~l l-1 II helicopter are satisfactor with the
except ion of inadequate directional control in right sideward flight (para 23) .

h. The simultaneous antenna retraction system s are an enhancing
characteristic (para 28).

c. One deficiency and two shortcomings were noted.

DEFICIENCY

30. The following deficiency was identified during these tests: inadequate
direct ional control at rig ht sideward velocities between S and I S KTAS (para 23) .

SHORTCOMINGS

31 . The shortcomings listed below were identitied during these tests and are listed r -
in order of relative importance.

a. Suscept ibility to damage during pre tlightlmaintenance operat ions of the
right FM 10— 1 20 homing antennas (i~ara 27).

h. Susceptibility to damage during running takeoff/landing maneuvers
ot t he FM 10—242 communications antenna (para 2(s).

SPECIFICATION COMPLIANCE

32. The low—speed fli ght characteristics of ’ the HI—Ill helicopter fail ed t o meet
the intent of paragraph 3.3.b of MIL- H—850I A . in t hat insufficient directional
control would he available to generate any yaw displacement while hovering in
a 10-knot right crosswind (para 23).

13
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RECOMMENDATIONS
I I

33. The enhancing characteristic should he included in future designs (para 29).

34. The deficiency must he corre cted (para 30).

35. The shortcomings should he co rrected (pam 31) .

3~ . Future testing of an HI-Ill or (lU—Il l with the HIlT 1R supp ressor install ed
should he conducted to determine if the IR suppressor caused the inadequate
directional control in right sideward fli ght (para 23).

i t
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APPENDIX B. DESCRIPTION

GENERAL

I. The test helicopter, SN 69-I 5578. is a Vu -I II helicopter incorporating an
AN/ ARQ-33 radio countermeasures system and AN/APR-39 radar signal detecting
set and redesignated the El-I-I H. The external modifications were the addition of
retractab le antennas under the fuselage and tail boom, a fixed antenna under the
nose, fixed antennas mounted aft of the pilot and copilot doors, and two fixed
antennas mounted on the nose and on the tail boom (fig. I). A BUT IR engine
ex haust suppressor was also installed. Cockpit instruments and controls were added
to allow the pilot/copilot to control and monitor antenna position and voice
securit operation.

ELECTRONIC EQUIPMENT

2. The AN/ARQ-33 radio countermeasures system is capable of detecting radiated
RF signals and of initiating countermeasure action against an RF emitter. The
majority of the equipment is housed in three consoles within the helicopter cargo
compartment , as shown in figure 2. Additional equipment is located in the aft
radio compartments , aft electrical compartment , tail boom, nose, and cockpit.

• Antenna position is controlled and monitored by the pitotfcopilot. Covered switches
are provided on the center console to control individual antenna
extension/retraction (photo I). The pilot or copilot can retract both antennas
simultaneously by depressing the lowest button on the cyclic grip (fig. 3). An
automat ic antenna retraction feature is provided using the installed radar altimeter.
When the absolute altitude becomes less than that selected on the radar altimeter.
the antennas automatically retract. Monitor lights are mounted on the center
instrument panel which indicate antenna position, antenna in transit, radar altimeter
inoperative, antenna stalled, and FM radio transmitting either secure or nonsecure .

3. The ANIAPR-39 radar signal detecting set is capable of detecting radiated
radar signals and desenminating between aerial surveillance and weapons systems
radar signals. Radar site location and activity information are furnished the pilot
by means of a cathode ray tube mounted in the cockpit.

ENGINE

4. A T53-L-l3 turboshaft engine is installed in the Eli-Ill helicopter. This engine
employs a two-stage. axial-flow, free-power turbine driving a five-stage axial and
One-stage centr ifugal com pressor: variable inlet guide vanes: and an external annular
combustor. A 3.2105 :1 reduction gear located in the air inlet housing reduces power
turbine speed to a nominal output shaft speed of (‘bOO rpm. The engine reduction
gearbox is limited to 117 5 ft-lb torque for 30 minutes and to 11 10 ft-lb torque

16
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Force Trim Switch

Hoist Switch

Microphone Trigger —~~~~~~~~

Switch

Armament Fire
Control Switch

Antenna Retraction

Figure 3. Pilot Cyclic Grip.
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m easures xli:mtms t gas tt ’inperatmire t I~( ~~) am id displays this mntoimation in t lm ~’
~ockp0 as l- (; F on t h e  cockpit inst r immnclil .

TRANSMiSSION ANI) TAIL ROTOR l)RIVI

S. ‘the transmissiomi is mounted forward ~f the engine and is coupled to the
engine by a short drive shalt . ilw transfihission is basically a reduction gearhos
w hich transmits engine power at reduced rotor speed to (tie imma in and tail rotors
by means of a two—sta ge pIanet~iry gear tr ain. ‘l’he transmission is lim ited to
1100 slip. ‘flie Iransmuission incorporates :m free—wheeling unit at the input drive
w hich provides a disconnect from the engine in case ol’ a power failure and allows
t he aircraft to atitorotate . The tail rotor is powere d by a drive gear on the lower
alt section ol the transmission.

CONTROL SYSTEM

I - I l - I l l  i~ ide lm t k •t l  to ti me VI i — I l l .  .1 posm t i~ c

m e c hanical t~~ pt’ boosted by a single hydrau lic boost system. ‘I’he system includes
a cyclic control st ick , a collective pitch control lever , directional control pedals .
and a sy nchroni?ed cleva tom - connec ted m echanically to the longitudinal cyci  mc
control ss - sWmn . (‘lie cyclic and directional comitrols feature a force trim device which
provides center ing and force gradient to the controls The centering and force
gradient art’ a~coinplishe’d by springs and magnetic brake release assemblies which
enable either pilot to trim the controls as desired

A tlight control rigging ,licck lmm r mng I lie I c~t ~~. peiformnt’tI in •tccorda,i~’e w ith
the procedures outliiwd in TM-S ~ I 5 20- 21 0—2 0 . tit ’mmi oii ~tr .ilcd that the c~
colke Live pitch and d i rect jonj i controls were within prescrmtwtl lmnmi is.

• HASIC AIRCRAF1’ INFORM A LION

8. Principal dimensions and general data concerning (he I Il-I II helicopter are
as fo llows:

• Overall I)irni’nsions

length . rotor l i i i  tm ~~g ‘ I t .  I I in
h eight , tail iotor ~.. l t h a l  34 t i ,  s S

21
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Main Rotor

Diameter 48 ft
Disc area 1 .809 ft2

— Solidity 0.0464
Number of’ blades 2
Blade chord 2 1 in. (constant)
Blade twist linear, root to tip -10 deg
Airfoil NACA 00(2

Tail Rotor

Diameter 8 ft . 6 in.
Disc area 56.7 ft2
Solidity 0.105
Number of blades 2

• Blade chord 8.4 1 in. (constant)
- ‘ Blade twist t Zero deg

Airfoil NACA 0015

Fuselage

Length (nose to tail) 41 ft . S in.
Height:

Top of mast 14 ft . 0.7 in.
Top of cabin 7 ft. II .6 in.

• Width:
Skid gear 8 ft . 6.6 in.
Synchronized elevator 9 ft. 4.3 in.

WEIGHT AND BALANCE

9. Aircraft weight and longitudinal and lateral cg were determined prior to testing.
With fuel tanks drained, full oil trapped, and minimal instrumentation installed
(see app C), the aircraft weight was 6286 pounds, with a longitudinal cg at fuselage
station (FS) 148.1 and a lateral cg of 1.2 inches right of center line. A typical
mission loading is shown in table I.

22
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Table 1. Weight and Balance - Typical Mission Loading. ’

Iten 
-- ____ 

Weight Moment /lOU

• Basic aircraft 6286 9317

-~~~ Oil 34 59

Pilots 400 187

Crew 400 468

Fuel (full) 1359 2078

Personal equipment 100 t20

8579 12229

1Center of gravity : PS 142.5.
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APPENDIX C. INSTRUMENTATIO N

-: I. Test instrumentation was installed, calibrated, and maintained by USAAFFA.The folowing parameters were displayed:

Airspeed (ship’s system)
Altitude (ship’s system)
Main rotor speed
Center-of-gravity normal acceleration

2. Cyclic and pedal positions were recorded on plotting boards mounted forwardof the cyclic and on the floor adjacent to the copilot seat , respectively.
3. Ground speeds observed during low-speed flight tests were measured usinga radar speedgun mounted on the toe of the left skid. A remote ground speedreadout was mounted in the cockpit .

-i
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APPENDIX D. TEST TECHNIQUES
AND DATA ANALYS IS METHODS

TEST TECHNIQUES
— General

1. All tests were conducted with antennas retracted and repeated with antennas
extended.

Control System Characteristics

2. Tests were conducted with the aircraft in a static condition on the ground.
utilizing external power sources to pressurize both hydraulic flight control systems.
Breakout forces (including friction) were measured by recording (lie force required
to initiate first movement on the plotting hoard. Force gradients were determined

- :1 by displacing the control from a trim position at a rate of 0.1 to 0,15 inch per
second and recording the forces applied and the stick displacement .

Control Positions in Trimmed Forward Fl~ght

3. Control positions in trimmed level flight were evaluated. Data were obtained
by stabilizing at ball-centered flight in 10-knot increments, trimming control forces
to zero, and recording control position.

Collective-Fixed Static Longitudinal Stability

4. Data were obtained by trimming the aircraft in ball-centered level flight at
the desired airspeed and securing the collective control in that position. Airspeed
was then varied ±20 knots from trim in 5-knot increments, utilizing the cyclic
and directional controls only, and allowing altitude to vary as necessary . Control
positions were recorded at each airspeed.

Static Lateral-Directional Stab~ t

5. Tests were conducted in level flight by trimming the aircrat’t in ball-centered
flight at the desired airspeed and securing the collective control. Data were obtained
by varying bail position incrementally to the limits of the sideslip envelope.
Collective position, airspeed, and aircraft ground track were held constant and
altitude allowed to vary as required. Control positions and aircraft attitude were
recorded at each stabilized point.

Maneuvering Stabiliiy

6. Maneuvering stability tests were accomplished by initially stabilizing the
helicopter in hall-centered level flight at the desired airspeed and recording the

25
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trim condition. Load factor was then increased by stabilizing the helicopter at
• increasing bank angles In left and right turns. Airspeed and collective were

maintained constant and altitude allowed to vary . Ball-centered flight was
maintained throughout all the maneuvers.

Dynamic Stability

7. Tests were initiated in ball—centered level flight. Data were qualitatively
obtained by eva luating the aircraft motions that resulted from pulse-type inputs
about the longitudinal, lateral, and directional axes. Each input was accomplished
by rapidly displacing the particular control approximately 1 inch from trim , holding
in this position for 0.5 second, then rapidly returning to the trim position and
holding until aircraft m otions were damped or corrective action became necessary .
All controls other than the input control remained fixed during t h e  test. Additional
lateral-directional characteristics were evaluated by returning the controls to level
flight trim from a sideslip condition and noting the subsequent aircraft motions.
Long-term dynamic response in forward flight was observed by displacing the
aircraft from the trim airspeed using longitudinal cyclic. When an airspeed change
of 20 knots was achieved, the control was returned to the trim position and held
fixed at trim while the response of the aircraft was observed. The spiral stability
was determined by stabilizing the aircraft in level flight, then initiating a turn in
either direction using pedal only. After a 5-degree bank was reached, the pedal
was returned to trim and aircraft response observed.

- 
• Low-Speed Flight Characteristics

8. Data were obtained by trimming the aircra ft at 25 feet altitude in sideward.
rearward, and forward flight at various ground speeds up to limit airspeeds. A
skid-mounted radar speedgun provided ground speed information. Control positions
were recorded at each airspeed.

Simulated Sudden Engine Failures

9. Tests were initiated in bali-centered level and climbing flight by rapidly closing
the throttle to the flight-idle position to simulate a loss in power. Following the
simulated engine failure, all flight controls were held fixed until collective
application was necessary to maintain rotor speed within established limits. Aircraft
response subsequent to a sudden engine failure and the capability of the aircra ft
to transition safely into power-off autorotation were qualitatively evaluated.

Data Analysis Methods

tO. Handling qualities data were evaluated using standard test methods described
in reference 6, appendix A. Handling qualities ratings were quantitied using
figure 1.

26
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APPENDIX E. TEST DATA
F ;

INDEX

Figure f!Kure Number

Control Positions in Trimmed Forward Flight
Collective-Fixed Static Longitudinal Stability 2 and 3
Static Lateral-Directional Stability 4 and 5

- 

I 
Maneuvering Stability 6 and 7
Low-Speed Forward and Rearward flight 8

Sideward Flight 9
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